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T #&%D SFT system

D.1 SFT O#&E

DONUT DR Z —4 >~ b & SFT OfABbHEIL, CERNOD=2— KU /
EEEE CHORUS O F =X [11] B LLRBR LD TH D,

D.1.1 SFT &

SFT 1% 4 DDA EERE ¥ 2 —/L D% I u,v,x D 3projection DFLD station
ERRE L7Z, K D.1ICR AR E Y 2 — /L & SFT station O ERBRZ RT, &
station (% u.v projection 25 4plane % 72|% 6plane, x projection 7% 1plane OFH)> & Bk
DNL>TUW5, u,v projection @ fiber plane [Tk /=7 LAMROMHEIZ, x projection
A, ZRFAEEATREIST THER L, 2 non=2 2RIZ=T70
4 % station HAL CHEE L7,

CHORUS TlZu,v projection \Z& 72 HEAS L7z plane(y,z) &8 FEHIT 72 plane(y’,z")
A BERRE Y 2 — L D% I 172 L 3RS, E S 472, DONUT Tldd s
LB AMERE LD, FIRFEERE DY 22— O3 < FHto station 7217 T
=a— MU RIS D DORBFORER N FIRETH 5,

wvENIE— LG MND AT D.2 DRRICEE D 45 ST CTH D, ZOHET
E— A T H% T OEMATHRRIZIEINTE I a—hFRE—F > ARy 7 2Dk
FaREIZBYKITTWDLOT, ZRBHAHLHBEENT /A XERD5D%<
7O Th D,
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100mm

A v A A

PN N PN N

] J J J

x S\ x x

= B B B

N leTJ )T(\Tju M vuvuxvu utr/ )T;IITV N u@ uT\T/ )T;IITV
g uv  uv % uvuv uv ® vu  vu g vu vu vu

SFT1 SFT2 SFT3 SFT4

D.1: E—2AF5m® SFT O/LE (u.v,x projection)

read out N\
read out

D.2: B — AZFEE S5 AT SFT OFfiE (u.v projection) A CTLEAITH
T2 2 2 — kA Ri A L2 @i 2 O & B 7o DI 45 R IT 72,
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D.1.2 SFT plane

SFT plane [ZER 495um D> > FL— a7 7 A 3— (77 L SCSF78) # HE
RUXTHEHDZT 7 A 3= — " BE>72, u,v projection @ SFT plane 13 2 JEfE
AT, A= I B 2D 7 7 A N—2— &S TZRF A FITHE Y £
. £ D EIZHIO projection Z [FAEERIZAE > 72 (K D.3), x projection (% 4 JEFEHEA T,
HN=T DRIZIB DT 7 A =2 — &~ 7 (¥ D.4), SCSF781% CHORUS T
il L7z SCSF38 & TR ED 15U E ) (K D.5), 2 JEERE AL RIS O
2WEARD BT CHORUS O 7 BEME AT TRIBICHM 28I L, St ML
DAA=TA LTV T AT —OREROT Z LN TE I, HEFHEE (PMT)
THIE L 72 MIP(Minimum Ionizing Particle) (2 X % F&EE134) 120cm O T 7
KBS (TN =0 LKHEME) L2 o TEB Y RMPIEOE TH RN Z & D3
INTz (K D.6), LL#EL IR oTlosy 7 7 A /3 — 3 — MIBEAIIZES < B #2u
TEEIATORITNIZR SR o T,

u.v projection @ SET plane & 2D 7 7 A /N—— NI T T=DIX, 774 /13—
VH%@ﬁ%ﬁCH@WS@%@%ﬁ%bkk@*&kﬁ%mn%@%@@ NECRAN
Mo 7o 2T, x projection (2B U CITAROBMR THICHIN < 31T 7=,

SFT #ERH, KMAT =T &S TN A LRKDOY 7 7 L AR— It T 5
77 A N—— MG FHTALE & FEE L 72, u,v projection ® SET plane i 200 A
T 7 AN > THERDNEEZRTE LTz, 2HDT7 7 A4 "= — DD 7 7
A N— ;UZ*F?E'JE L7z, BEO AT 727 7 A4 R—— b OEMRIEICONT, HT7 7
A SN —=\ZiR > TRGE LTz 5 D0 R0 Wi Z fif A TR D D5 D O 3 ST %[
D.71ZR7, JERE I 20um Th D, F 40um DL Y TEAPEIZENLTZ S O
k7=, CHORUS &HERTREIDFDHTHD Z EDRFHRITENTWD

ZOT—%)5 SFT plane %757 7 A N—DOHEZBRD LD (K D.8]|o
7 7 A N—HE % u,v ELENA 20plane (23 LTI D.9 IR L7z, +0.1x 107 2[rad]
DOREDRBOM TG OWTEY, TOREILT 7 A /" —ITH> Tl T, &K 0.2 x
107 ?x600[mm|=1.2[mm] DALEDFTIUHYE T 5, £ 28DT7 7 A4 "= — b T
BHENMIAEZEZ LS TWDLIENGNLIN, —KDO7 74 3= — FADIEL DX
WZHARD ENSRIETH D, ZDELDEITT 7 A N = — FBARAICR>TLE -
TWAHZEERLTWD, 1,206 2 BrEFEATE LEBIC DR > TW AT T
VR =T AR AT TZAINIEN > TR Y, KEmEE 2T 541202 S L
BE, KTTZ 7 A N—— hZEDTVERUFNSERT TENEN > TLESD
EMBZBND,
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D.3: u,v plane OfEN=T LR~ORE Y F1F, 2 BERHAOT 7 A4 N—2— &
ZH—AHT 1plane & L, M= ARIZCELQTAE Y 1T 72,

sheet N

sheet 2
sheet 3
sheet 4
sheet 5
sheet 6
sheet 7
sheet 8
heet 9

D.4: x plane DFEN=T DAR~DREY 1S, A EERADOT7 7 A X—2— %9
KB 0 AT 7=,
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10
s 9
5 8
O 7
© 6
o
5 5
s 4
£
3 D\\\@
2 SCSF78
SCSF38
" \l\‘\JJJJJ\‘J\\JJ\\J\\J}JJJ\\\J\JJJ
0 20 40 60 80 100 120 140 160 180

cm

X D.5: #sFD MIP 12 X 53 ED ki, SCSF38 1% CHORUS THEM L= D,
SCSF78 X DONUT Tl [, (Rshi = IERE CHOZ 237 L T\ %)

Mean 7.004

16 F
14 F
12 L
0 F

o N oo
I

X D.6: 2 BERAT 7 A 3= — b (u,v) DK 120cm ONLE O MIP 12 X 255858
B (T VI =0 DB &)
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g Entries 352
40 & Mean 12.90
30 ; RMS 38.68
s X/ndf  17.39 / 22
20 E Constant 39.14
10 F an 13.40
E‘ | | | | Si | 3412
O L L 1 L 1T 1 1 L L 1 L 1 L L 1 + + + + + + + +
200 —-150 —-100 -50 0 50 100 150
micron
pos?2
40 Entries 352
F Mean 15.34
30 & RMS 41.84
20 = X'/ndf 1430 / 22
E 33.59
10 = 13.72
i | | | \ L 4940
O L L 1 L Lt | 1 L 1 L L 1 L 1 L L 1
200 —-150 —-100 —-50 0 50 100 150
micron
pos3
50 E Entries 352
40 ? Mean 7.415
E RMS 40.79
30 E 2
B X/ndf 3247 / 21
20 = Constant 35.60
o F S0
0 :‘ [ R R R R R I T R R *3602
-200 -150 -100 -50 0 50 100 150
micron
pos4

SE'T system

D.7: 77 A N—— bEBME, 77 A N —=IZH > TKI 15em D 5 w0 HIE SO

W3 2 i A TE AR DY & OH LD 3 /5 (pos2, pos3, posd) DELEZRT,
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N\

D.8: JIE fiber OREY (T AEDESR, %7 L—rHIZVFIN0ARDT 74 /8—IZ
DNTOME DT — 4 BEFHN D,
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—2
x 10
~0.15

angle(rad

e e e e e
i i 5 Py 5 5
v

085 Eyp g G P
A N B

g i i . s i
_OO5 *;'v """""" ' """"""""" """"""""" ' """"" ' """"""""" """"""""" """

IR S — RSN S— — US| S — -

_0’15 I | I | | I I | I I | I N I | . |
2.5 5 7.5 10 12.5 15 17.5 20

x

N
© |
N
©

5
:

angle(rad
o
[
2

B % % : Vo : ¥
0.05 ;m~i;3¥; ----------- it e oo g Vo
7005 ....................................................................................................................................................

-0.1

70’]5 1 11 I L1 1 I I — | I I — I I N I | — | 1 1 11 | I 1 l 1
2.5 5 7.5 10 12.5 15 17.5 20

pl

X D.9: 77 A NRN—DREO fFITFAE, 2007 7 A RN—2— Ny ED LTS LTHEHL
THO., HECIWATHWAEIZRE 7 7 ANN—2—F OB BT 7 A 73— (2O T D
HIEM, Fl—77A43—3— FNOIELOX T — MRAFMIZ/2>TWVWA D & A
LTCTW3A,
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D.1.3 ZEAZLER

SET [X[EAE 100mm D A7 D Image Intensifier chain(I11-chain) THEA7Z LTz, #K
INEH BRUZEE 3072 SFT ORI S — K —ARKD 7 7 A4 N—PNHBIZENED
o aR T, RATEELIATE LA E Lz, TNENDREOMIZT 7 Vv — |
EHLATHES LTz (M D.10), ser it LEFOIRIZ CHORUS TidifE 8cm OEHET
HoT=DIZHE L, BEBRICHEA R E S DL DA MAAHE T OAY OORIZIEWE
KIZT 5 Z & T, T-chain =K H 72V OFEAHT 7 7 A N—FKEEK 20% HO LT,
F A LEOBEAELE & 11-chain OBE O E L% H Y fiiET 5 7= CHORUS
T 100pum BDORID 7 7 A 3= ZHHIA ATE 500pum EDOWZE 11 —AR b 7= 0 5 KfF
AL Tz, DONUT TIFHBROF XA L2/ d0E e, Al LED
ETEMRREAE 7 7 A N—OF AT LICHERT 2 2 LN TE =, Il-chain ~D#%
FelLFt A LIS T L IRODITZ 85 L, [T RICEZERY (1T -8R ECEE L
(K D.11), &2TPHOSFT X6 2DOFAE LIICENEND,

Baeeea e
S il

-

.
B

o i
.

X D.10: SFT e LEb, EAF 100mm, GRANE U < BRI A TW D D1k
WOV T L —2a VAT AERLE TS ED)
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R

fiber LL
readout

s

X D.11: SFT Bt LEl & 11 oA O, 70 I BCHMAl g % 11 O 2RI EE .,
WA DEBE 7 7 A S —i A LEBICEEE L, AMUOERIZ R Ik L7z Y U FHHO
WITHhTEBEWEEE ST,
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D.1.4 II-chain

SET 775 6 DITF & D 7@iA 72 LEIL 6 -2 Image Intensifier chain(II-chain) T
BT Ui, INIEN T2 RABEHRTEFICERL, ZOBETEZENHEIIESTDHZ
ETCEREXTICT S, EBAOBYBEIFEETELGLINTTHY, £ 2 CHEH= XL
X—2H2HZ IR0 T HEEST LI ATHSD, CHORUS EBRCTHEMH L=
II-chain O#EZ X D. 12 12R7, BEERZE 0124 B2 L CEAR 100mm O A J]
Wz 2/3A4F CCDICEET HOICEKEETHRER/NL TS, 1,24 BEHITEE
RO TH D, SBEAIZMCP ZA 7O 1 THREENHHIZNHE I~ 7 aF v
2N T L— K (MCP) & RTINS EAE pm OREBAWE T L — b &l 5 BREEIZ 5D
MDD EIZHEIE S5, MCPIZ X AHEIZA TN BINE N A L T Zen iz,
MBS ERE N T BRI R TH D E EbNTWiz, £ Z TDONUT Tl Il-chain ®
WRE L TRETHERD I T chain A7 (K D.13), 14EF L-LD AT
LC, BERDIRD VXA IR L TN 500pm & FIFLE (X D.14), (s
fiREEIX 0 = 100pum 8575 50um §5~& A ESH 52 &N T2 (M D.15), 22T
CHORUS O — # [ ZEAL 100um O fiber 1 & 24T, DONUT 1% 50pum D &2k —
IV Al o TRRAT L7,

CHORUS THREENENMC LB D ST MCP 244 7O 1 2 L72BEHB OO E >
37— FMBEZIIHT s Z L2k b, CCDIET —# EREEH 1/30 B o iz
W L7=Rif-0 SFT OfF &, I BHENHT /A X/ EE2TRELTLEV, S
BT DR FOEFRZENLICHOEN TR IR S5 TLEIDOTHAATDOY vy
B —loHled7— MERRPLETH D, , 7F— FMRREIZNWS B THHE TEDIRT
(372 <. 1T OEIEARORFRHEFEME (~ 100us) LT TIXEMOE SN/ S 72> TLZE
Vo BEUNADLDE 1/300 REIZT2O0NHETH D,

MCP T3 E AV b OEINRWVEE A HI#T2F T/ — N anTH 2 N TE
%o, DONUT @ 11 %7 — NMINEELEZ on, off 25 2 & ThitTz, mELEDEN
on. off IZFAAICEE L < 6kV DXBRTH o7, 1 OPTEEFEZIEINTHRAT
TTCEFITEZEAOLRTIIR S, ETHOLEROIER Y mICHE A TR A 7272 <
FORWEIIZOTENTET VI =T AEEEL, ZZIWZRA Y B H->T6kV L
2ron, off TEXZRWVWA, L ETAIZUABREZBVKITLZZVEYOEEELS
ZELTEIPETELZEICESTOV =6kV 2R, LEOF A AMEH Z &
NTE D, FEDEEITNKV THD, ZOF—FDFHIEIZAZ U — 47—k LI
R h=7 2 (Bk) & HETHFE LT,

IXEFZ2 BV (~ 208 mm) IET 2 &g B Mo EEE2RE<%

T 5, EFOPIEITT L CREITHIG D005 EQITTEATRE L, AT i3
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Dls, W}, BB O/ EE 23 (K D.16), M DAT I AT Ak 2 128
A TCEBROERRZFHRT-bDTH L, ZHRBRLGH TITo M RE R L TH D, |
HR A FE 1RGO 59V & 2 AT 20degree/gauss &V 9 BN BH D, 2gauss BL EORE
L CII AR BRITFTLE S,

DONUT TIESFT O3 SHEFIZANRYT ha A —F DZE LA Z ik LTz T, SFT
DALE THI 300gauss D b IS FEET S, £ 2T ll-chain Z#K > —/V FT5 2
ETHEA LTz, KDASITHA Y —/v FOREZ R T, Tk & B O MmO 2JE
DEOZEWEIZ LI, 7 7 A= OFi M Ul & BT 2 B & il 2 ST 722
B D=V RRNEETH 525, ASHEA D 200mm Fi £ TE 23T 5 F THE
IR T — L KOS (1gauss LLF) M3 57z,

fiber bundle II-1(electrostatic) 11-2(electrostatic) 11-3(MCP) II-4(electrostatic)
100mm CCD
\25 25 25 25 25 25
1 1 I
1 1
1 Z I 11 4
1 I
1 I I
1 I
1 I
1 I
1 I
1 I
i Vi
_/— /”L - L
e +20kV +0.8kV | -15kV
+35kV +6kV
+50/-200V

D.12: CHORUS II chain, II-3 73 MCP % A 7 THEARNV DA 47 TH— K
NNTHi5,
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fiber bundle 1I-1(electrostatic) II-2(electrostatic)  II-3(electrostatic) 1I-4(electrostatic)
100mm CCD

1

+15kV
il 7T
h -3kV 0/+6kV +15kV
+20kV
D.13: DONUT II chain, 4 C#reES,
- 2500 ¢

1800 £ 2250 F
1600 F 2000 E
1400 [ 1750 £
1200 £ 1500 £
1000 1250
800 |- 1000 £
600 [ 750 E
400 F 500 [
200 250 E

o HorvahBrv i by Lol o Y I 'S PR A \

~1000 -500 0 500 1000  —1000 —-500 O 500 1000

micron micron
nizimix(CHORUS) nizimiy(CHORUS)

18 |

16 [

14

12 B

10 F

8

6

4 =

2 F

o i AR BN i W

1

000 —-500 0 500 1000

micron

nizimi(DONUT)

D.14: 1 6B F AT DO DIZ U A (HithiIEE)
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5000 F D 10 C o 720
£ ;2:‘:5 oavas 5000 far;::‘es -1 u‘:
r AN C i T /s
4000 W™ S 4000 [ -t o
: Sigma 98.32 : Sigma 94.79
3000 3000 |-
2000 - 2000 [
1000 | 1000 |
0 Ol o M| 0 %\ ) L L
—1000 -500 0 500 1000 —-1000 -500 0 500 1000
micron micron
resx(CHORUS) resy(CHORUS)
£ 5 710 120 F o 70
140 F e 65,00 C Wen® 2o
: RMS 164.8 F ‘MS 147.6
120 b g w78 100 g T %
E Mean 65.30 [ Vean 08797
C Sigmo 39.31 L Sigma 45.61
100 80
80 [ 60 [
60 | [
F 40 -
40 | N
0 Eluom ol smmed?l s | e | 0 [Cho s iodtintoh | Mnmolot (o |
—-1000 —-500 0 500 1000 —-1000 -500 ¢} 500 1000
micron micron
resx(DONUT) resy(DONUT)

D.15: (L& 5y fihE

D.16: VTR X D B ~DE, N BAEICW ATHE > THRWEE (R om]

65, BB ORI 221 TV 5,
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40

20

(degree)

—-20

—40

—60

—80

SFT O

155

I|III|III|III|[[I|[III[III

X

X

X

,-20degree/gauss

.

s

i
[0}
I
OR
I
I
I
I
I
I
I
I
I
I
I
I
I
|

4
(gauss)

D.17: AT DR E S L EAE 30mm ONZE DB ORI A OREGR (data), 2gauss
E D HREWE ZATIIHRE OHME N B > THEHA T,

Ao 11

S st 88

: A58 ~ 100

fmags bnaitions

PRRIT X3

o L8 pan

D.18: 11-chain OfER>—/V K,

THOE O
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D.2 Image data decoding

e TS LSO B IEHR & LTIV IAENTZT —Z 00, b 2@ Lz 7 7 A4 /3 —
Z R ET D1 (decoding) MLEETH 5,

D.2.1 Fx¥YIJL—23 P RTFLA

R EDOT7 7 A N—DAEEZMDT-HOIZ, =2a— ) JE—LDR TN 7R2WNEZ A
VT TIT 7 AN—BHEER NI DLFHEEZR T, LLETOT7 743 —%)
HBHETLED & Il-chain ICX A2 LA, CCD OB E/LOM I DO KM
WO TLEIDOT, HI2ARICIARDTZ 7 AN— (T 4TV T 7 A=) &
BOHLTHLEE, 740V XYV T7 7 A N—ETOMNEE —BIORKTHLTZO
ZIXBEWENE DS LB TH DM, HNET X 5 & 11 OREE DO BRI BT
Hc, BEFEO=a— M) JRICOFRFEEEZEP TN TLES, 22 TT7 4P T ¥
T7ANRN—DHF=a— b KEORFREIZH LTEWTHE L gz & > T
BoTbZslcliz, 7—%%& L5547 1% Tevatron DNGEFET, 3 /34—
DT 4T XNT 7 A =G Z RV AT (K D.19),

T AN—OEIZERE O L frA IRy AT L— RNV, BT —
TafloTT 4 Vv VT 7 A NS ZHE LT (M D.20), K D.10 T1 /3% —
CENOHTE ZADGND,

CHORUS Ti% 1 A&D Il-chain %721 45 KD 100pum O 7 7 A N—Z KRN HE L,
I1-chain DFEHZ G & ARE L CREBIE 2 0E L THiiE L7z, 100um D7 1 23 %
T 7 AN=EREREHA DO 7 7 A N—DfERRIZ=Z 27 N Y v FEfEoT
KD, ZHUzxt L DONUT @5 RiE—AD I1-chain 4 0 F¥ 1300 KD 7 4 ¥ %
NT7AN=RNHDHZ L, TOMENRZOEERIBEAD 7 7 4 N—DALET
HDHEVH HTENLTWS,

B EDT7 4% VT 7 A N—=DNE (T 7 A=~ v ) X1 DORZ—
DWNT 100 LA EOEOFE S 217> T, KETELOZ &> TROZ, HBBMELRD
LTI, —HOT 4 VXN T 7 A N— i E 2020 (BE) ERENLND
Eole 77 A N—~ v T H T2, 62D HD 1 DIZONTORKENRKD.21 TH
%o BEHHICARAT D 22D 7 7 A NR—=< v T OXIET DT 4 VT v VT 7 A N—DE
D#% CCD 7 BALBATRLTHD, ZNDOHHHDIRNY X 1o ~ 0.2pixel T,
FeA T2 LIEICHREL 45 & 1pixel 1359 150um (CAHS425 D TOA2 Y 1E 30pum, 18]
OREDOFHMEIL 30/v/2 = 20pm FEFEE LR Hvd, 2L 500um OEED 7 7
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A S—® decoding I(ZXf L THoRIETH D,

FLIDOT ARy TEHOHIZE STZHDE ) LIERTHD &K 300um
DRETELTWD Z L3y o7z (K D.22), L»b B OSGET I A & 20E -
TIHMIZIRD T, 1 DDT 7 A4 /3=~ v T2 5 O TR NI 2 BSOSO
TrAN—v T AR Lz, Ao LY [-chain 1ZIEF IZHURIZ RS O 2 %
ZFBHDT, LY OMEKOELES, 20 D on, off IZ X % I1-chain DY Ok
BEOWALDOE AT VI AFILL > TT 7 A= v IRET HOITHETE 5,

Icycle~=1min

f } } f } f } F - - >
T beam T beam T beam T beam T beam T beam T beam T beam

pat.1 pat2  pat.3 pat.1 pat2  pat.3 pat.1 pat.2
fiducial
data taking

D.19: fiducial map data taking D&% A I 7, 3XFZ— U EH{HEE— L0 A 7V
(ZReAH LT,

D.20: fiducial fiber O, EEEHDOET —T %7 7 A X—T L v 7 AEBITHw A+
AT, HRIF=L 7 Fe v IxyB U A7 b— N CTHRAIAATENLE T 7 A 73—
b L7z,
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z#id15.52.0dd- zfid 15.52 .even

70 | 1D 100
E Entries 826
60 | Mean 0.1404E-02
so E RMS 0.2722
0= X/ndf 6450 / 45
40 F Constant 54.75
E Mean -0.5217E-02
30 F Sigma 0.2221
20 £
10 E
o Bvvsdusiab ey loflopefl oy 10y ) I I IS B
~25 -2 -15 -1 -05 O 0.5 1 1.5 2 2.5
dx(pixel)zfid15.52.0dd—zfid15.52.even
o D 101
70 F Entries 826
60 3 Mean ~0.6538E-02
g RMS 0.2666
50 X /ndf 5717 / 44
E Constant 57.77
40 Mean 0.9060E-03
30 E Sigma 0.2128
20 |
10 F
o Bl inliiag b PESTE I %, 1 AT I I
-25 -2 ~15 -1 =05 0 0.5 1 15 2 2.5

dy(pixel)zfid15.52.0dd—zfid15,52,even

D.21: 77 A N—~ vy T OFBNE (—D0 run ODBEFZT NI TRD - fiducial
map D 7T 1pixel 1T 150pum)

450

300

250

200

D.22: 77 AN—~< v 7 D& (4 727 B & 87 27 B map D ILER)
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D.2.2 NZALWMWE®DSFT plane D f##T

u. v projection ® SFT plane | 11mm DJE X D/ N=FH DO FEIZHE O £ 5
NTHY ., M= 2T HAEITHE L TWDHDO T, WD T 7 A /3—k > k
% W3 5 O decoding DFERIZH AN BV, i L7=% > 7 /LT u,v projection
D% 20plane Z E TV D 4343 KD X o —RKi D7 —# T, 158005plane |Z hit 73
bolz, ZTHITLY Iplane DMRHZNEIZ U TH D, 7 74 /3— T — MNUWERER N
BAHEMEE CHIE Lc 7 — 2135 768 1 /plane 725 7o A3, 72 @A 2 2
POTRENDELY BELSRoTHDDONEAHTH D,

AHEFENEZ BV bR < 7o OIZ/N= 7 LR E O plane THMAZ hit TH D b DA RO
L7z, JHS7 hit O EFIT 1plane 2 JEEREAOHFIZ I 2 —hi 12 L 5 hit DA T L1004
DT 7 A N—=IZHD hit R NEDTH S, 1plane 2 JBEMA DN 1 E721FIZ hit
&% D% single hit, 2 JEIZ hit 3% 5 b D% double hit &FEEZ &2 5 (K
D.23), 3L hit 1397753 &V . Ehit (ST DEIEIL62%THoTo, N=T LADMH
& BN single hit D 6 DX 16552 fH, A 3Z double hit @& DL 2036 > > 72,
=71 LD RO hit OALED S 4 plane 2 HR D72 I 2 — ki F DA (< 1[mrad]) &
fili o TR O D plane IZIER: L, # Z O hit ONLE & OFEEZ R 72 (X D.24),
ST single hit &9 LICHT 20 EXK D.25 L /e o7z, FHROE % H T A5G4 T
fitting 55 &, 1o = 192um T, ZOMEIZ2HDOETHHEEZBETH L 1 ROIEE
13 192/v/2 = 136um & 725,

ZIZTHMADBIZONWTELET D, ETHANT 7 A 3 —Zilil L7 & TS
5 IF ONLE D BT £250pum (IZ—FEIZHAMM L TV D ERET S (K1 D.26-a) &,
KD plane |IZIER: L7c i & OEITZ OMAELE T D.26-b THhx bMWD, 7 —X
OHFROLUOIFEITHASNIZZ R E VDT, ZOMEIERE, KIZT 7 A /S—HF
M OERBIZHHIT 5 ERET 2 (K D.27-a), FEEED553H 1L decoding DERICEED
T AN—ZFRLTWDLEEGIZEY, BOEOT 7 A = |ZHV B TTLEL
H D (X D.27-b) ERLED T 7 A N—ZHIV LB TTLES72H D (X D.27-¢c) DF &
2%, HEEREDEDHANIEELRIZE>TRD.28 £72d, EEENEDL LI
I% decoding D HIEIZ K D, Z OFEHTCiX hit 7 7 A X—DRE %A CCD pixel T pulse
height "EDHL D KV EWHEDONRH 725 1hit & LTERE, 774 3—v v 7L o
THOL O JERE S E AR 500pm AN TR b ITW 7 7 A /3—|Z% O hit Z2E| 0 24T/ (K
4 peak 1), CCD pixel %4 KUz £ »T, ERIZM/TAUTELRT 1IES A,
FLFAUZ T3 %, D29 (TR 7 7 A N —EAE & BAZIZ L7z CCD pixel size Dif
B, M IEEREEL T HAAE Y 2 Lb—v g Y ORO R E2RT, DONUT
® 1l-chain O#fi/NEIZ 3 ~ 4dpixel /fiber IZHHS T2 DO TR B 84% & RD B D,
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TOETTF—Z L ERELDOEKD.30ITRT, TEEOLAS I E— 7 O A RO
77 AN=IZEY HTTLE S22 DICBN Iz SR T & 5. X D31 I IEE
Z/XT A—% L L Cminimum ¥? fit L2 D TH D, ZORFIEEFRIT 2% & %Y
fEIZ 72> T\ 5,

PLEIWZ LD, Bl peak 12 K D decoding DALENEE OBRSIEL CCD pixel D4 A
RZEo>TIRFSTWNDBLENZD, EELIIUIL 7 7 A R=05DH AN 1HOD
LORETHLHAET, b LARRIETRHLHBAITFEREDE > Tpeak (37 7
ANR—OHNZEF LT DDT, 774 N—WEHIC—FRIZOA T D & OTE DK
DAL d . IEEHEN B3 %, AElhit O 0 #ER» GEE T 5 &Y 2.4hit /plane & 72
V. 1721 O hit Z#RA TS Ipeak/1 HETOREMFIER Y Lo TV D,

Isolated fiber hit

D.23: [Jh~T fiber hit] OEFH

D.24: /=7 il O fENT CREI T 28



D.2. Image data decoding
F D 2
1400 — Entries 16552
- Mean 0.1626E-04
- RMS 0.2854E-03
r X/ndi 2088 [/ 14
1200 |- Constant 1238.
r Mean 0.1262E-04
i Sigma _ 0.1889E-03
1000 |
800 [~
600 -
400 -
200 -
o L o R BRI B ias -
~0.15 -0.1 -0.05 0 0.05 0.1 0.15
~2
x 10
dd [m]
D.25: =7 AWML single hit OIER S & OFFEE ( Tdd) ) O43AR
2 ¢ 2 ¢
18 F 1.8 =
16 | 16 [
14 & 14 =
1.2 F 12
1 F 1 E
08 [ 08 [
0.6 F 06
0.4 ;_ 0.4 ;—
0.2 | 0.2
o B v v b 1 o Bu 1 - P
-1 0 1 -1 0 1
(mm) (mm)
a b

161

D.26: fiber £& 500um O —4EfER A 2 E L7e%E (a) @ Tdd) D434 (b)
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I
'
]
]

1

|
|
|

e b L

—1

o 1
a  (mm)

_||I||III||I||I|\\II
S

1.5

0.5

£} 4D

SE'T system

1/2x(1=r)

llmlmll
—1 0 1

(mm)

D.27: fiber £ 500um O FEIZ LLAF] U 7= fe 04 ke L7=86 @ [dd) O3

(b,c (X fiber hit DEIV ¥ T4

Isolatea single nit pair

2o WA DT, )

1200 |
1200 ;
1000 [~
800
600 }
400 ;

200 —

0 -
-0.15

sglfunc10.for

D.28: 77 A N—DFID BTOHRIEFERICK L THELND dd) Do, (B—

7 DG 93,86,79.73%)
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092 £
09
0.88
o8 - .
0.84
0.82
0.8
078 |
0.76 :|||||||[|A||||||\|‘||‘||A.,l...||k..l|l.,,|]“
2 2.5 3 3.5 4 45 5 55 6
RATIO VS (RADIUS*2) [pixel/fiber]
WY, . N ) > L Y
D.29: CCD pixel %A X|Zx}9 5 IEEH
Isolated single Nit pair
F D 12
1400 Entries 16552
r Mean 0.1626E-04
r ,\ RMS 0.2854E-03
1200 |-
1000
800
600 |-
400 -
200
~0.15 0.15
x 10"
dist [m]

D.30: 7 7 A N—DEY B TOEZFREN 4R D AT — X ICEHRTZH D
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isolated single hit pair

D 12
1400 Entries 16552
r Mean 0.1626E-04
r RMS 0.2854E—-03
1200
1000
800
600
400
200
o L
20.15 O,Wflz
x 10
dist
: [m]

D.31: 77 A N—FD Y TOEZEREL /T A—2 T LT fitting L72ERIT 82% &
ol
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D.2.3 = plane[Zx L TOHRHE

ZIZTEN= A LHEDOMEREIZONWTIERD, =a2— )/ E—LHHOE
o6 H10HESHA2T HIZS 22—k DT A M —ALMEZITo7=, TNEND
Ty A N—< v 72V u,v il projection @ 20 #2? SFT plane Z EHW\WTW\W5H I =—
B2 O LTz,

alignment ¥§£ 13 u,v Z 14 20 2D SFT plane TE- 7ZEAR E 1 D plane -
® hit & OFEEED 34 & & o TEHl L7=, Z OFE plane (28220 hit 28& - 723
AL EARTITV hit ZEE L TRIRLTLE S LI REAEZR O, koM
S hit OB E AW T ME <7, M D.32 LXK D.33 (X2 207 A hE—ADFEE
oY, EBH B Y 1o ~ 135um T 18 hit OFRFE < £ T alignment [TIBVVAD TV
%, alignment /N7 A —XIE LT HEDEMESTEY, ZOMEREEIZEZNR N E N
52 LiE, 2.5 HM SFT X[ CALERBHRIZH > THAR— F Db A EFEDOLEIL
RO LN nD, T2 LI 2 TO R a—RF O E T fiber plane (2% L ClE
FEER S OENY (K D.34) 72D TE—ALJ7 MO alignment (ZX L TEXHDZW D
ENTE R0,

(m]

D32 u,. v&7u T2l a0 T s A NR—T 1L — 2 FE W TV AR
LT L —r Dby b EEMBE DR (199746 H 10 HOT & b B —ALDFER)
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1600

1400 —

D33 u. v&ETRY 272 a 20D T7 7 A NR—=F L —UEE DTSRI
(LA T L—r Dby b EEHE OFERE (19978 A 27 HOT X F B — AD#ER)

20

10 L ’J—‘ W

. ln. nm rJ_'T'_'ﬁm’IU—\“ L L \L‘l_'ﬁﬂwmrh‘ L1 in
5 -0.1 0.0 0 0.05 ¢} 0

7@‘ 15 ) ~0.05 0.15
[rad]

D.34: M L7=RBF DA 5340 (0 23 fiber (ZFEH 72 J5 1)



D.2. Image data decoding 167

D.2.4 [RFEERI—FT v bEDHESR

AR E —47 v & SFT LR U7 A = A8 1 ©— 0% ZEHRICHN
THE—F v bRy 7 ANICRE STV D, SFT TH O 2 72RO U T-EZ R X —
7y M ~OEHROREBREZ FHMR MM > TTo 7o, FHMEEZHWOIX, B — 250
DIEREGDT- OIS IEEMENMLETH T F L | RO TR O EFEE
EAERS LTAEEEZIRD RS LERH -T2 Th 5,

T—HDOREIT=a— ) J E— LK THD 1997 FD 11 HlZiTo72, |
TREHEIE ¥ = — VL HTZIC 800pum [ED 7T AF v 7 _— 2Dl i ([ FLKIE D &
B IR &2 D AT CakiE L7z (K D.35), & DRI L iy 22 Bl ¢
CS(Changeable Sheet) &FFA TV D, 3F/FH DX —7 v MK EE &OTH A
HERRT D HBTRAT Y LA E AN, DX —5y MIZEs Lz, SFT THELAL
Te RN DA FE AT 2 [ D.36 1R T, FHMEE > TNWD DT, AREHFMIT ESFND
KD HDITHARTAHRL, BSFTOEBBAERLIZOTEFNLRD DO B[RS
NTW5b,

= g g =
) ) ) D]
0 1 1 rt
CS 1 2 3 4 5 6 7
—
100mm

D.35: FHMT A MYy b T v

CS TH D.36 DRBIDIRB 21T > 72, £ DB CS DFEFERIT A=A LHUTE Y £F
7z x-ray gun IZ K> TEDHTZ (K D.37), x-ray gun ONEITNN=A LR O FEHE R
W2kt L CHIE L7z, CS1°5 CS7 £ TO prediction A%% & FRBMEMS 2 2 D.1 IR
T EREIEL, REBTETETITARTR Yy 7 VI RIREEAERNEEZBRD,

HoMoTAE E SFT 05 O FHRINCE OEV, AEDOEWD A% CS1IZ2OWT
B D.38 T, EBED=a— Y /ISR ERDOBRIIEFAEERT Y 22—
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X D.36: SFT THi & 2 7= FH B O 45 AR

@\&

D.37: CS k2 F 7= X-ray mark Of7E

HEMA->TNWDHD T, SFT 1345 station fEICTRIFO B 2 L2 T TR v, £
Z T CS1IZ%t LT station 1 @ SFT O & THE- 7= REFOSMEE & ONLE T I, AR
TNERDTZOMNKD.39 THD, D CS DALETILDILN D IZDOWTH 7 A5
Tfitting L TRO7MEZE D2 12R-F, WIFHEIX SFT Iplane OAFE % 135um & L
TRFICHIFF S ND IR Y Th D, DAOIWCRI LT =% %7 712 L=t DERT,
SFT &R TOWTZE (all) (28 L THIFHME L D S RE S Ro TV LB, 2N
FEHEAR R DT ONFHBORBENZNEID > TND 2D R ONER TE T
W72, £ SET station 2> 6 O PRI E & IXHAIRHERE Y OJAR Y vk LTWnD &
=25,

METHOEHEEZ K D41 IR T, 2T 150um N T E > TW5, FEED
=a— MY E—ABREER TR TFEEREY 2 — L2 L TWDH O T OfEIE
WIREDDHN, KEHEEOTHNIXZOREL L TFHRIND,

AEEZEIZE L TERD.3 LM D422 F, CS OAEHIEREIXE CURBHNI %32
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CS# | #ATEL | a4l (NME—MEMl) | MH2h=E (%]
1 146 136(112) 03
2 147 147(110) 100
3 151 148(133) 08
4 147 144(118\ 08
5 281 264(259) 94
6 162 157(153) 97
7 95 91( 78) 96

= D.1: FH# run CS OFRBIER

CS5 & CS6 DAEZENG, 1~ 1l4mrad & RFED vz, EMEOIX S > X 1357
BREY 2a— O, & LIBEMEBEA T — VO E CRiER) 26< 56D
T, FHRTAEBEREY 22—V TCZOREDIELSINH D Z ENRENT-,

FHBERANTZLL EOT A R T, SFT SR FAEERE Y 2 — iz i, £
TR AR TEY 2 — /L TORM E SFT ICEET S L&, MiETHICEL T
R 150pm FREE . AETNITRK 2mrad FREEDO A 71 v NBFET H I EARS
iz,
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r 18
14
F 16
2 14
10 F 12
8 ; 10
6 8
r 6
4 —
r 4
2 - | \ 2 /, L
o Ml vy WL o B v A
-500 0 500 1000 —500 0 500
micron micron
du(all) dv(all)
30 30
25 25
20 20
15 15
10 & 10 |
5 5 F
E, T T
-0.01 0.01
mrad
dtu(all) dtv(all)

D.38: CS1I2311 % SFT 2K TOWER E OB, MAEEDE N



D.2. Image data decoding
10 g 12 F
9 £ :
8 E 10 =
7 E r
E 8 - /
6 £ L /l
5 E \ 6 [ .
4 B ! r / \
3 E \ 4 - . \
1E uf .
0 %’H\ 1 IR I ||\_"\‘\|»\H\ 0 :Tr| i I I T |\‘J|J—_<|\
~500 0 500 1000 ~500 0 500
du<st> micron dv<St) micron
F 225 F
20 - 20
7.5 & 175 £
15 15 £
12.5 ; 125 E
10 = 10 F
75 F \ 75 E )
5 E | 5 b
25 s 25 E y
o B0 Lm o b voelo Al
~0.01 0 0.01 ~0.01 0 0.01
mrad mrad
dtu(st) dtv(st)
D.39: CS1IZ331F 2 ii# station TONNZELRRE & OALE, A DIE
- H00 ¢ c 500 ¢
O E o) C
5450 E 5450
€400 F €400 F
350 F 350 F
300 F 300 F .
250 F 250 £ o o o
200 E o 200 F & -
F © F ]
150 £ 150 £ &% % x X
E [ ] F
E ° F
100 E ) e g o 8 . 100 = o
50 £ x % C 50 F
O E | 1 I | 1 1 1 | | | | | 1 1 O E | | | | 1 1 1 | 1 | | | | | |
0 2 4 6 8 0 2 4 6
cs . cs
all sft station

D.40: CSHIETNOOANY (u,v, HEM) & HIFFHE (x)
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#*D.2

£} 4D

CS+# | SFT fit | oy[pum] | o, [pm] || BIFHE
1 all 192 173 61.1
station 281 227 219.9
2 all 93 85 46.5
station 156 102 142.5
3 all 65 79 40.8
station 208 246 215.7
4 all 103 106 31.8
station 159 168 136.7
5] all 126 101 30.3
station 304 244 219.9
6 all 102 93 34.1
station 217 198 142.5
7 all 80 64 38.4
station 190 150 149.4

SE'T system

c CSPLETNDIEN Y, (HIFHEIL SFT ONLERE % 135um & Lz & & D)

c 400
5 E
2300
£
200 £
100

-100 |
—200 =
-300 £

—400

5300 E
£

u—projection

c 400
o

200 =
100

-100
-200 =
-300

—400

X D.41: fZE T D FEIE

v—projection

cs



D.2.

Image data decoding

CS# | SFT fit | o4, [mrad] | oy, [mrad] || BFF#E
1 all 1.5 1.4 1.4
station 2.7 2.2 2.2
2 all 1.5 1.9 1.4
station 2.9 2.6 2.2
3 all 1.3 1.8 1.4
station 2.0 2.9 2.2
4 all 1.6 1.4 1.4
station 2.3 2.8 2.2
5) all 1.3 1.7 1.4
station 2.9 2.6 2.2
6 all 1.3 1.4 1.4
station 3.0 3.1 2.2
7 all 1.4 1.7 1.4
station 2.4 1.9 1.6

173

# D3 CSAETNOIENY, (MFHEIX SFT O ERSE % 135um, CS OREH;
% 1.4mrad & L7z & & D)

mrad

T B

AN

Lo by

mrad
o

2

4 6
u—projection

8
cs

v—projection

X D.42: AT OEEE



